INTRODUCTION
IN a previous paper (Nei and Imaizumi, 1966a) it was shown that the local differentiation of ABO and MitT blood group gene frequencies in Japan has occurred largely by genetic random drift. In that investigation the population of Japan was divided into 45 different subpopulations or Prefectures (administrative units of Japan) the sizes of which were mostly one to two millions. However, the size of mating groups of neighbourhoods in Wright's (1946) sense appears to be much smaller than the sub-populations employed in the paper. It is, therefore, expected that the gene frequencies are locally differentiated even within these sub-populations. We thus examined the degree of differentiation of ABO blood group gene frequencies in several small areas of Japan.
DIFFERENTIATION WITHIN PREFECTURES
There are two Prefectures, in which the local variation of ABO blood group gene frequencies can be analysed. One is Kagoshima Prefecture in Kyushu Island and the other Tokushima Prefecture in Shikoku Island (cf fig. i in Nei and Imaizumi, 1966a) . The data on the former were collected by Ono and Takagi (1942) and Makisumi (1958) , and those on the latter by Katayama (i) and Minamibuchi (i).
The areas of Kagoshima and Tokushima Prefectures are 9,104 km2 and 4,143 km2 respectively, both including several neighbouring small islands. The population sizes of these two Prefectures at the time of 1960 census are 1,962,998 and 847,279 respectively. Blood group typing was made on 6,926 individuals at i6 different locations in Kagoshima Prefecture and on 3,467 individuals at i different locations in Tokushima Prefecture. The locations at which blood group typing was made are given in figs. i and 2. These locations represent mura, machi, or city, administrative units smaller than Prefecture in Japan.
The frequencies of the gene JA, j8, and J0 controlling the ABO blood groups were estimated by Berenstein's method (cf. Nei and Imaizumi, 1966a 
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46! the frequencies of 1B, and 1 are denoted by p, q, and r respectively. In Kagoshima Prefecture, the 2-value for the departure from the Hardy-Weinberg equilibrium is significant at the 5 per cent, level in one of the r 6 sub-populations, whereas, in Tokushima Prefecture, it is significant at the same level in one of the 14 sub-populations. Thus, the observed phenotype frequencies agree fairly well with the theoretical expectations. The x2 for the heterogeneity of gene frequencies among the sub-populations is 79'2 with 30 degrees of freedom in Kagoshima Prefecture and 88'o with 26 degrees of freedom, both of which are significant at the o i per cent. level.
The degree of differentiation of gene frequencies may be measured by the inbreeding coefficient of sub-populations relative to the total population. This inbreeding coefficient can be estimated from the means and genetic variances and covariances, as described by Nei and Emaizumi (i g66a). The estimates of the inbreeding coefficient thus obtained are set out in table 2. The inbreeding coefficients averaged over all alleles and allele combinations for Kagoshima and Tokushima are both larger than the value previously obtained for the whole of Japan, i.e. 00007 f Nei and Imaizumi, 1966a) . This may be due to the fact that the sizes of sub-populations employed for the whole of Japan were much larger than those for the present investigation, as will be discussed later. of different gene frequencies, which is true only for a large number of multiple alleles. At any rate, the x2 thus obtained indicates that, in Tokushima, one of the three estimates offs, i.e. that obtained from the frequency of JA, is not statistically significant, whereas, in Kagoshima, all of the three estimates are significant (table ) . observed correlations refer to the correlation coefficients obtained from the "total" and " genetic" variances and covariances respectively.
It is seen that the observed correlations in Kagoshima Prefecture are in good agreement with the expected, while in Tokushima Prefecture they deviate considerably from these. This again suggests that the differentiation in the latter Prefecture has not occurred at random or the locations of blood group typing were not chosen at random. 
DIFFERENTIATION WITHIN AREAS SMALLER THAN PREFECTURES
There are several data with which the local differentiation of gene frequencies within areas smaller than Prefectures can be studied. Two of them refer to inland districts, which are smaller in size than Prefecture but larger than mura or machi. The two districts employed here are Kami-ina and Chiisagata, both of which are located in Nagano Prefecture (cf. Nei and Imaizumi, ig66a). The former consists of 6 mura and the latter of 9 mura, their total populations in 1950 being 18,140 and 37,26! respectively. The data on the ABO blood group frequencies in these districts have been obtained by Hukuda et al. (i4) and Tanaka et al.
Other data refer to small islands surrounding the mainlands of Japan, i.e. Sado, Tsushima, Oki (one of the two islands, i.e. Togo), and Kuroshima Islands. The data on these islands were once utilised for the study of the differentiation of gene frequencies among isolated populations (Nei and Imaizumi, i966b). The areas of the above islands are 829 km2, 703 km2, 244 km', and 46 km2 respectively, and the population sizes at the 1960 census are 84,397, 69,55!, 26,846, and 2,262, respectively. In each of the islands the blood group frequencies have been determined at several locations. In 1950 Sado Island comprised 25 mura or machi, of which seven were chosen for blood group typing, whereas, in Togo Island of Oki, four mura were chosen out of the eight (Kobayashi and Katoh, 1957; Kobayashi et al., i957) . In Kuroshima (a machi) all buralcu, smallest administrative units of Japan, were subjected to blood group typing (Schull et al., 1962) . In Tsushima the locations appear to have been chosen almost at random (Kobayashi, I 952) . Tables 5 and 6 show the blood group frequencies and gene frequency estimates obtained by Bernstein's method. The x2for testing It can be seen that the degree of differentiation is quite high for all (see also table 3 ). The value for Kuroshima is 30 times higher than that for the whole ofJapan. It is also worthy of noting that the degree of differentiation is negatively correlated with X, the average sample size of sub-population. The standard deviation of observed value of fsT was computed in order to know the heterogeneity offsT. This standard deviation (s1) indicates that the heterogeneity of f is considerably high for Kuroshima and Oki populations. Note that this standard deviation cannot be used for testing the statistical significance of fsT, since the six observed values of fsT from which s1 has been obtained are not fully independent. The x2-values for testing the significance of individual values of JST are given in table 3. In Tsushima and Kuroshima all of the three gene frequencies are almost equally differentiated. In other areas, on the other hand, only two show a significant differentiation (excepting Chiisagata).
The expected and observed correlations between different gene frequencies are set out in table 8. In Tsushima and Kuroshima the observed correlation is in good agreement with the expected for all combinations of gene frequencies. In the other three areas, however, the agreement between the expected and observed correlations is not good. This disagreement appears to be partly due to sampling error because of the small number of sub-populations employed but mainly due to the fact that only two gene frequencies are significantly differentiated among sub-populations. In Kami-ina and Sado the frequency of 1B or q shows no significant differentiation, so that the correlation between p and q or q and r has little meaning, whereas, in Oki, the correlation between p and q or p and r is meaningless for the same reason. The remaining correlations are then expected to become negatively high (up to -i), since the differentiation has occurred as if there were only two alleles. Table 8 shows that this is actually the case. -o-562 -0-652 * The estimate of genetic variance turned out to be negative, so that the corrected correlation could not be obtained.
DISCUSSION
The present investigation has shown that the ABO blood group gene frequencies are locally differentiated in all but one of the eight areas examined. Theoretically, it may be expected that the degree of the differentiation becomes high as the geographical area involved increases.
In practice, however, the estimate offsr has shown a rather reverse tendency. Namely, the estimate of fT for Prefecture was larger than that for the whole of Japan, and the estimate for areas smaller than Prefecture was larger than that for Prefecture on the average. This paradoxical tendency has arisen mainly by the fact that the unit of sub-population was not the same for all levels of geographical areas.
In the case of the whole of Japan the unit of sub-population was Prefecture, while in the analysis of local differentiation within Prefecture it was mura, machi or city. In the case of the areas smaller than Prefecture the unit was buraku or machi, though not clearly described in some of the original papers from which the data were taken. The exact size of neighbourhood in Wright's (1946) sense is not known at present. Schull et al. (1962) examined the marriage pattern in Kuroshima and found that endogamy within buraku is rather a rule. Thus, in this Island each buraku represents a neighbourhood approximately (usually ten to twenty buraku constitute a mura or machi), though this may be exceptional since Kuroshima is a small island. In other areas the size of neighbourhood appears much larger than buraku but not larger than mura at least in the past. Thus, if the unit of sub-population is enlarged, it is likely to include many neighbourhoods. A Prefecture, for example, certainly includes a large number of neighbourhoods. Therefore, the value of JST based on a large unit of sub-population is expected to become small, provided that the differentiation has occurred at random. In Wright's theory the size of neighbourhood is defined in relation to geographical distribution. In human populations, however, marriages are contracted not only for geographical but also for social and economical reasons. The latter reasons are particularly important in large cities, where migration involves small distances and social and economical gradations are more variable than in rural areas. It is, therefore, meaningless to apply Wright's theory to a large city population as done by Spuhler (1961) . In rural areas such as the populations employed in the present investigation, however, the relative importance of geographical factor is considered to be large, and thus the concept of neighbourhood is still useful. Nei and Imaizumi (1966a, b) have shown that the local differentiation of ABO blood group gene frequencies in Japan has occurred largely at random. On the other hand, the present investigation revealed that the differentiation within small areas is not necessarily at random. This non-random differentiation may be due to either inadequate sampling of locations for blood group typing or local variation in selection intensity or both. In practice, however, the latter factor does not appear very important, since its effect must be so small that the differentiation in the whole of Japan becomes nearly at random. The selection for ABO blood groups, if any, would show a random local variation, though in a slight degree.
SUMMARY
The local differentiation of ABO blood group gene frequencies in two Prefectures and six areas smaller than Prefectures in Japan was studied. The degree of differentiation among sub-populations within Prefectures was smaller than that within areas smaller than Prefectures on the average. This paradoxical result was ascribed to a smaller unit of sub-population employed in the latter. When buraku, smallest administrative unit of Japan, was used as a unit of sub-population, the differentiation as measured by inbreeding coefficient was as high as 2 per cent. in a small area (an island). An analysis of the correlation between different gene frequencies showed that the differentiation of gene frequencies is not at random in four of the eight areas examined.
